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Abstract
This paper interrogates the ontological foundations of identity through an interdisciplinary

lens, challenging traditional notions of fixed essence and explores varied views in which dy-
namism, process-relational and transience take a central role in discussing “thingness”, from
metaphysical arguments, to mathematical category theory, and from the broad scientific dis-
course, to Aristotelian ousia we conclude by arguing that identity, through boundary-relation
dynamics, is co-constituted by intrinsic and extrinsic states, where from we propose a few
sketches formalisms via sheaves, adjoint functors, exploring the operability of identity as a
stable pattern in flux.
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I celebrate myself, and sing myself,
And what I assume you shall assume,
For every atom belonging to me as good belongs to you.
Song of Myself
Walt Whitman
(1892 version)

1 Introduction

What does it mean for a thing to be itself ? The following notes explore the concept of Identity,
through an approach that is intentionally interdisciplinary, colouring outside the lines so to speak.
At its core, this question asks of us to discern and explain what are the criteria or conditions that
confer identity and separateness that turn a proto-thing into a distinct thing, and then exercise the
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answer, test it, put it to proof.

Traditionally, identity is posed as an intrinsic property, defined by an immutable essence 1 yet this
question is the very precedent of a rich history of scientific discourse and analysis, where a vast, and
accumulated body of knowledge, methods, and perspectives where developed over time, within
scientific domains and of course their related disciplines. The ongoing process of examining why
and how is a thing a thing? is central to metaphysics and ontology, and great philosophers, thinkers
and poets, from Aristotle to Heidegger have wrestled with what makes an entity a “thing” as
opposed to mere stuff, a property, or even nothing.

Heidegger, distinguishes between objects and things arguing that thingness is not simply amatter of
physical properties or scientific description, but is deeply connected to how things are encountered
by humans in their practical and conceptual lives (Heidegger 1967). Drawing fromHeidegger and
critical theory, Thing theory, further explores the distinction between objects, with clear roles and
uses, and things ,which assert themselves when they break down or elude understanding(Brown
2001), 2 andwhileHegel andMead argued that identity arises dialectically through interactionwith
the “other”, I wonder if the relational aspect holds consistently outside a human-centric context.

Figure 1: first use of =

When brimming the foundations of logic into the origin and nature of identity, we find thoughts
on how something bears a relation to itself, expresses as (𝑥 = 𝑥) (Lawvere 2003), where the Law
of Identity ∀𝑥(𝑥 = 𝑥) gives way to relational predicates such as 𝑥 =𝐹 𝑦 (x is the same F as y)
(“Identity and Contextual Semantics in Complex Systems” 2019).

The equality sign ‘=’ (as well as the plus-sign ‘+’, the minus-sign ‘–’ and the word alge-
bra) saw the light of day in the treatise The Whetstone of Witte, whiche is the seconde
parte of Arithmeteke: containing thextraction of Rootes;
the Cossike practise, with the rule of Equation; and the workes of Surde Nombers

1Aristotle’s ousia
2Bill Brown notes that “thingness” comes when habitual relationship to an object is disrupted, forcing a reconfigura-

tion of our relation to it. Thus, a “thing” is less an intrinsic property and more a manifestation of a particular subject-
object relation
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(London, 1557), written by Robert Recorde (1510–1558),
in the days before Shakespeare:
And to avoide the tediouse repetition of these woordes: is equalle to:
I will sette as I doe
often in woorke use, a paire of paralleles, of Gemowe (or twin) lines of one lengthe,
thus:
======,
bicause noe 2 thynges can be moare equalle.
(Müller 2023)

Whichever name we chose to represent this, or any other “thing”, is a reference to it, thus it would
quite a reduction to say A thing is a thing as a ball is a ball. However, Aristotle’s attempts to specify
identity through distinction, and conversely, via tautological expressions of identity, the relation
a thing bears with itself seem to be partially useful, as the relations it holds to what is not “itself”,
may reveal a sort of proprietary and informing uniqueness. On various ways of questioning about the
thing some make yet another clear distinction between objects and things (Heidegger 1967) where
“things” are human concepts where “thingness” could not be reducible to its material composition
or its role as a bearer of properties. While I disagre with these statements, his proposal of “things”
constituted through its relations, functions, seems of insightful value.

Language certainly plays a role in howwe individuate and talk about things, the axioms of identity
are not merely linguistic conventions. Regardless of human symbolic attribution interprets and
generates observations, materialising them in structured categorisation and classification of things
such as a cell, a cell is a cell via its membrane. No membrane, no cell. There is no contradiction, as
the cell cannot be and not be simultaneously. But if we call it “kgkds” instead of a cell, and attribute
it to the same object, it would not change the fact that the object in question requires an identity to
persist, and that part of that identity is its own morphological description. This, partially agrees
with Aristotelians and partially disagrees with positivists who argue that contradictions in nature
result from linguistic or cognitive errors given by our perceptual limitations.

In the world of things, nothing can be a part of itself, or so it is said. To think about this is rather
interesting. The dialect in question reflect a position when someone is at stage of comparison of
someone else in a context. Which is congruent with A in relation to B. In mathematics, identity is
generally relational as well, where objects (e.g., groups, spaces) are defined up to isomorphism 3,

3



by their morphisms (structure-preserving maps), and said group ’s identity lies in how it maps to
other groups (e.g., via homomorphisms), not just its internal elements, or entities derive meaning
from their place in a hierarchy 4 (e.g., natural numbers in Peano arithmetic).

A proposal is that scale and perspective at scale is where the issue resides. Moreover, paradoxes
such asWho shaves the barber, andDoes infinity contain itself or not? are familiar and I’m curious as to
whichmethodswe could use to test a hypothesiswhere in both cases, for the barber and the infinity,
they are a boundary, a formal interface to something else much like the cell or the reference object
“kgkds”. If wemake a clear distinction between belonging (cell belonging to tissue) and composing
(morphisms of atoms and molecules into cells), and allow specification and regularity (set/subset
- blocking self membership Zermelo-Fraenkel) atoms compose and belong to cells simultaneously
and there is no contradiction because they refer (belonging / composition) to different levels of
abstraction (hierarchical description composition < belonging).

They are formalized in logic and mathematics as equivalence relations (reflexivity, symmetry, tran-
sitivity). Some have argued that identity predicates are “ontologically generative,” meaning that
the very act of identifying or individuating things helps constitute the structure of reality itself.
What would happen if we merged aristotle distinction, and had a numerical identity (being one
and the same) and qualitative identity (sharing properties) both formalised? Would it be sound
to frame these properties as relational domain and range? Carrying the proposal to a bio-physical
realm, a cell’s identity, for instance, is potentially given by what allows for metabolic interfaces
with its environment, a membrane. Without it, a cell would not be a cell, but loose environmental
material. Perhaps identity is better put as requiring the “allowing” of self, which could be obfus-
cating the “allowing” for relation.

Further tension seems to point in the case of cross-domain applicability, as boundary ambiguity
requires having an answer to how “sharp” must a boundary be? And how stable? Do ranges the
ranges of variation in identity alike the established “tree-ness” throughout the seasons impose a
clear constraint on the identitarian boundaries of a tree as an object, that according to a substance-
ontology, where change is part of persistence.

Heraclitus, I believe, says that all things pass and nothing stays, and comparing existing
things to the flow of a river, he says you could not step twice into the same river. (Plato
Cratylus 402a = A6)
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The central ideas of Heraclitus’s saw a shared trait in the opposites and this was change. His insights
on the perceived world as *constantly in flux, always “becoming” but never “being”” [@] and
expressed as “No man ever steps in the same river twice” contrasting the ancient philosopher
Parmenides, who is said to belie in a form of “being” that was immutably static. (Curd 2022)

In the river’s aphorism the river persists as “river” despite complete molecular turnover, while
the man’s identity shifts through the very act of stepping. We we entertain the idea and explore it
trough formalism, where can it takes us?

There is an implicit suggestion that identity is neither static substance nor mere flux, but a proces-
sual coherence that emerges through relation, river maintaining form despite molecular turnover
via the terrainwhere if flows (Whitehead 1929) alike a human body replacesmost cells from time to
time, yet is still structurally recognizable through DNA-protein feedback loops. Similarly, online
communities persist through member turnover via shared discourse patterns. Here, the relation
is an state-enabled happening that occurs both in space and time, regardless of embodiment. Can
the boundaries of self, and the embodied interface of things be some form of adjoint functors, and
persist not despite change, but through it?

Man𝑡@ >>> River𝑡@𝑉 𝑉 𝑉 @𝑉 𝑉 𝑉 Man𝑡+1@ >>> River𝑡+1

Here, bothman and river are transformed through their interface, the ability to interact, andwhat it
interacts with. Hegel’s becoming identity is a fixed point in the dialectic of boundary maintenance
and relational adaptation, and via reflexivity of higher-order adjunctions, boundaries become
objects of interaction, suggesting that to exist is to be a morphism in the category of becoming (Simondon
1958; DeLanda 2006).

The river’s identity depends on both its internal flow and its interaction with the man, and pointed
to as a reference by the man. The river’s identity is co-constitutive. The man’s identity is also
altered by the river (e.g., wet feet, shifted perspective), suggesting a relational asymmetry.

As the same thing in us are living and dead, waking and sleeping, young and old.
For these things having changed around are those, and those in turn having changed
around are these.(B88)

In question is the dual nature of identity, one one hand we have the relation to itself, what “al-
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lows” persistence, but persistence seems to be then connected to whatever is not part ot that iden-
tity almost as a constructive-coupling. This echoes notions of intrinsic and extrinsic information.
Absolute identity is unique to each object; relative identity allows for sameness “in some respect”
(e.g., two things might be identical in structure but not in context). which is analogous to identity
being differential, in the sense that difference is what makes a pattern persist amid noise (Spencer-
Brown 1969), but both the asymmetry and the opposite cannot be seen as static when the essence
is transience.

Both Mead and Hagel posed that this relationship with a “generalised-other” allows for the devel-
opment of self-awareness 3 which imply clear boundary of self—allowing for relation, but also de-
marcating what is not-self.

Ifwe entertain the notion of “self-maintenance and environmental coupling” rather than a static essence
of “things”, where identity requires both “allowing” self and relational aspect, then identity may
procedural as well, the implication is processual and transient. Gilbert Simondon’s On the Mode of
Existence of Technical Objects (Simondon 1958) challenges the traditional cultural divide between hu-
mans and technology, arguing for a deeper understanding of technical objects as dynamic, evolv-
ing entities. While he beautifully critiques the reduction of technology to mere utility or alienating
forces, proposing instead a framework that examines their genesis, evolution, and integration into
human culture, from it a insight lies when he emphasizes the open-ended potential nature of ob-
jects.

Other have found this insight pertinent as it intersects with Alfred North Whitehead’s process
philosophy andManuelDeLanda’s assemblage theory, contributing to redefine objects, identity, and
relational ontologies, destabilizing classical notions of identity, repositioning objects as dynamic,
relational, and multi-scale processes (Whitehead 1929; DeLanda 2006).

So if there are no fixed “things”, identity is given by intrinsic organization (self) and extrinsic in-
teractions (relations), which are not fixed either, and what containing a “thing” into “becoming” are
gradient-like transient states (e.g., cell membranes, social identities) that permit selective exchange
“allowing” relation, how can we make sense of what is a thing and how to generalise identity?

If we juxtapose this river analogy and Heraclitus’ aphorism “No man ever steps in the same river
twice, …” 4 then persistence is both enabled and destabilised by interaction, and identity persis-

3human: social-dynamics and self-awareness
4river: No man ever steps in the same river twice, for it’s not the same river and he’s not the same man.
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tence is both bounded and allow by the asymmetry of being and relating.

This sounds rather familiar with Hoffmeyer’s and Emmeche’s notion of Code-duality (the semi-
otics of nature) where something encondes through its morphological composition its identity,
and at the sime time, because of its morphology, there’s an embedded description of it, which can
be translated as a sign, pointer to it through abstraction. Now that I thing about it, when they
(Hoffmeyer and Emmeche) state that “Biological information is not a substance”, when referring
to morphology, from the Latin morph, which puts a great smile on my face due to the an unfore-
seen and elegant overload (potentially a coincidence and said beauty requires rigorous scrutiny as
I’m not a subscriber of elegance as a guide), 5 because information can be seen as a morphism, a
structure-preserving map that encodes identity through relational patterns.

We must also contemplate the mereological contributions of part-whole relationships, however
static they may be in classic mereology there’s something of interest to said regarding levels of ab-
straction, composition and belonging. Identity can bemereologically defined:𝑥 = 𝑦 if and only if x
and y have the same parts, and this approachmakesmereology a simpler choice comapred to those
requiring separate identity predicates. However, in processual ontologies, this definition becomes
problematic since parts are constantly changing while identity persists (Simons 1987). Comparing
a relational perspective (relational ontology), which treats concrete particulars as “blobs” without
internal ontological structure, with constituent ontologies, that analyze internal composition, a
processual approaches offers us here a middle path, one where entities have dynamic structure
given from ongoing part-whole relationships rather than fixed composition alone.

So a process-mereological coumpond could be proposed in principle by:
- Gradient boundaries create selective permeability rather than absolute separation
- Part-whole relationships are dynamically constituted through ongoing interactions
- Identity is given by organizational patterns rather than fixed composition
- Multiple scales of parthood operate simultaneously (molecular, cellular, organismic, social)

I previously emphasize how identity seems to have a duality, that must reflected in pre-axiomatic
principles, which we could re-write them considering that we require: - Diachronic identity: Same
organism across developmental stages
- Compositional flexibility: Parts can be replaced without losing systemic identity
- Contextual membership: Part-whole relationships vary across observational scales

5informare: to bring something into form, which is the root of the now fashionable word information.
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- Adaptive boundaries: Membrane selectivity adjusts to environmental pressures + Parts can be-
long to multiple wholes simultaneously
- Beyond Composition: Wholes exhibit capacities absent in isolated parts

And we could simplify it by saying that the identity of a thing is: - Neither substance nor mere
relation - It’s a process which is transient - Has local properties - May have global properties /
reflections

Furthermore we could propose that a thing is:
- a sign
- a thing (composition, boundary)
- relational
- a state

Elaborating on the thing we have:
- a sign implies information gradients that enable boundary formation
- a thing with categorical structures formalize the consistency conditions
- relational with a thingwith categorical structures formalize the relational potential (heavesmodel
how local sign-relations glue into global identity)
- a state allowing for entropy measures quantifying the information exchange required for state-
persistent distinction

Which in turn seems to (if we play along) suggest that to answer the question “what makes a thing
a thing?” we need:
- Its identity
- Its relational potential
- Its context (local - global)
- Its bundles of properties mapping (local - global)

The temporal and phenomenological dimensions of identity formation, in the process of “becom-
ing and persistence” suggests that things are co-constituted and co-actors by the contextual em-
beddings at scale (local - global) wich seems to then implicate a spacio-temporal significante in the
sign-making process wich seems in turn aligned with everything we know in developmental and
evolutionary disciplines.

First things first, the intrinsic and extrinsic properties of things, and the tension allowing persis-
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tente we may draft that:

𝐼𝑑𝑒𝑛𝑡𝑖𝑡𝑦 = 𝑙𝑖𝑚 → (𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙𝑃ℎ𝑎𝑠𝑒𝑆𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑜𝑛) × 𝑙𝑖𝑚 ← (𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙𝐼𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛)

Summing up the idea of a dynamic tension between internal differentiation and external coupling,
which at first seems phenomenological grounding and explains persistence amid change, but faces
challenges in operationalising “process” boundaries. In the example of a cell, no mebrane no cell
argument is not valid for a cloud, or what the sign of a cloud references to.

So instead of:

𝐼𝑑𝑒𝑛𝑡𝑖𝑡𝑦 = 𝑙𝑖𝑚 → (𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙𝑃ℎ𝑎𝑠𝑒𝑆𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑜𝑛) × 𝑙𝑖𝑚 ← (𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙𝐼𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛)

and

Hom(Sign(𝑋),Object(𝑌 )) ≅ Hom(𝑋, Interpretant(𝑌 ))
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Figure 2: notebook-drawing

We may consider:

Identity = lim
→

(Internal Phase Separation) × lim
←

(External Interaction)

Hom𝒟(𝐵𝑆(𝑋, 𝑡), 𝑌 ) ≅ Hom𝒞(𝑋, 𝑅𝑆(𝑌 , 𝑡))

Where intrinsic tension expressed as:

𝐵𝑆 ⊣ 𝑅𝑆 ∶ 𝒞 → 𝒟
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Hom𝒟(𝐵𝑆(𝑋, 𝑡), 𝑌 ) ≅ Hom𝒞(𝑋, 𝑅𝑆(𝑌 , 𝑡))

and fuzzy boundaries, our dynamims of said boundaries is expressed as:

𝜕𝑆 = ∫
ℰ

𝜙(𝑆, 𝐸) 𝑑𝐸

ℐ𝑆(𝑈) = {Properties of 𝑆 observable in context 𝑈}

To handle fuzzy boundaries and contextual variation, we model identity as a sheaf over a site of
interactions:

𝐼𝑆(𝑈) = {Properties of 𝑆 observable in context 𝑈}

Identity persists when local sections glue coherently across overlapping contexts. This resolves
the boundary ambiguity problem by treating sharpness as contextual rather than absolute.

With temporal properties as:

Id(𝑋) = lim
→interactions

𝑋𝑡

With identity criteria as:

𝑆 = {𝑓 ∈ Hom(𝑆, 𝑆) ∣ 𝐵𝑆(𝑓, 𝑡) = id𝑆}

Id(𝑆, 𝒦) = {𝑅 ∣ ∀𝑓 ∈ 𝒦 ∶ 𝑆 → 𝑇 , 𝑓 ∘ 𝑅 = 𝑅 ∘ 𝑓}

Mutual parthood is possible during phase transitionswhen structured cospans exhibit non-trivial
automorphisms, formalizing developmental plasticity. We may represent dynamic systems as
structured cospans:
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𝑆 → 𝐼 ← 𝐸

Where:
𝐼 : Intrinsic invariants (core organizational patterns)
𝐸: Extrinsic interactions (environmental coupling)
𝑆: The system mediating between internal and external domains

Persistence Condition: A system maintains identity if there exists a retract 𝑟 ∶ 𝐸 → 𝐼 such that

𝑟 ∘ 𝑆 = id𝐼

This ensures intrinsic stability amid extrinsic flux.

And given than identity may recur:

Boundary enables−−−−→ Interaction reinforces−−−−−→ Boundary

This creates a state like point where being and becoming coincide:

ℬ(ℐ(𝑆)) = 𝑆 and ℐ(ℬ(𝑆)) = 𝑆

where ℬ is the boundary operator and ℐ is the interaction operator.

Things stand in different truths, Heidegger says, meaning that the way a thing is un-
derstood depends on the conceptual and practical attitudes brought to it. (Gendlin
1967)

The differential aspect of what is it and what is not it may be expressed mathematically to have
something like

∫ 𝑖𝐹(𝑥) = ∫ 𝑖𝐺(𝑥), 𝑏𝑢𝑡 ∫ 𝑒𝐹(𝑥) ≠ ∫ 𝑒𝐺(𝑥)

in an attempt of capturing how entities can change externally while maintaining internal coher-
ence.
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Where:
- 𝑖 represents the intrinsic domain (invariant structure)
- 𝑒 represents the extrinsic domain (context-dependent interactions)
- 𝐹(𝑥) and 𝐺(𝑥) represent different temporal states of the same entity

which says that 𝐹(𝑥) and 𝐺(𝑥) are identical over their intrinsic domains (𝑖) but differ over their
extrinsic domains (𝑒).

Through differential patterns that maintain intrinsic invariants while allowing extrinsic variation:

∫
𝑖
𝐹(𝑥) = ∫

𝑖
𝐺(𝑥), ∫

𝑒
𝐹(𝑥) ≠ ∫

𝑒
𝐺(𝑥)

::: {.column-page} ## Postulating Identity Axioms

Positioning identity as a transient yet coherent pattern sustained by differential relation:

Classical Identity Foundations - Law of Identity:

∀𝑥(𝑥 = 𝑥)

, asserting that every entity is identical to itself[1].
- Equivalence Relations:
- Reflexivity:

𝑥 = 𝑥

- Symmetry:
𝑥 = 𝑦 ⟹ 𝑦 = 𝑥

- Transitivity:
𝑥 = 𝑦 ∧ 𝑦 = 𝑧 ⟹ 𝑥 = 𝑧

Domain-Relative Identity Entities exhibit distinct identities across intrinsic (internal structure)
and extrinsic (contextual interactions) domains:
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∫
𝑖
𝐹(𝑥) = ∫

𝑖
𝐺(𝑥), ∫

𝑒
𝐹(𝑥) ≠ ∫

𝑒
𝐺(𝑥)

Here, $ F(x) $ and $ G(x) $ represent temporal states of an entity, with intrinsic invariants (𝑖) en-
abling persistence amid extrinsic variation (𝑒).

Processual Identity Identity is a dynamic tension between Internal Phase Separation, where self-
maintenance via organizational patterns, and External Interaction, where elective coupling with
the environment is allowed and enabled.

Formally:

Identity = lim
→

(Internal Phase Separation) × lim
←

(External Interaction)

This captures persistence through change, as seen in biological systems (e.g., cell membranes).

Identity is modeled as a sheaf over interaction contexts:

ℐ𝑆(𝑈) = {Properties of 𝑆 observable in context 𝑈}

Sharp boundariesmay exist by contextually, allowing for an array of boundaries contextually, with
identity persisting when local properties cohere across overlapping contexts.

Diachronic Stability, where entities maintain identity across time via Retract Condition, where a
mapping

𝑟 ∶ 𝐸 → 𝐼

ensuring intrinsic invariants (𝐼) stabilize extrinsic interactions (𝐸):

𝑟 ∘ 𝑆 = id𝐼

and Phase Transitions structured cospans

𝑆 → 𝐼 ← 𝐸
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formalize plasticity during developmental changes.

2 Discussion

Exploring this notion of boundaries via contextual sheaves seems to allow a few interesting con-
figurations. Another approach as a boundary-centric model treating identity as a fixed container,
like a cell membrane statically filtering molecules, would conflict with real-world systems such as
immune cells that self from non-self, or social identities adapting to cultural contexts. Boundaries
must be transient, adaptive permeable states. Via sheaves, or better put, by framing identity as a
sheaf

ℐ𝑆(𝑈)

, where boundarie sharpness is locally defined but globally coherent.

A tree, finds its identity across seasons, not inspite of having leaves or not, but by budding spring
leaves (extrinsic domain

∫
𝑒

𝐹(𝑥)

) which vary wildly, but with vascular invariants (intrinsic

∫
𝑖
𝐹(𝑥)

) persist. In winter, leafless branches still satisfy the sheaf’s gluing condition, overlapping contexts
which maintain coherence. This oposes substance ontology’s “tree-as-object” in favor of proces-
sual glueing, where identity exhibits local properties (e.g., photosynthesis in summer, dormancy
inwinter) yet agree on overlaps (e.g., nutrient storage in autumn), unlike static boundaries, sheaves
allow identity to be renegotiate as its edges change contextually.

The implicit code-duality which I originally expressed via morphisms to signs (

Info ∶ Morph(𝒞) → Sign(𝒮)

), struggledwith ambiguous encodings (a gene encodingmultiple protein isoforms), however now,

15



information can actually be expressed as a sheaf morphisms

Info ∶ Hom(𝐴, 𝐵) → Γ(ℐ𝑆, ℐ𝑇 )

where for instance a DNA sequence (𝐴) maps to a section of possible protein folds (

Γ(ℐ𝑆)

), constrained by cellular context (e.g., chaperone availability).

More spceifically, thegene FOXP2 has a role in speech evolution which isn’t just about nucleotide
sequence (intrinsic domain) but its interaction with neural crest cell environments (extrinsic sheaf

ℐ𝑆(𝑈)

). Code-duality thus becomes a dialogue between invariant genetic “text” and context-dependent
“meaning.”

Man𝑡 ⟶ 𝐼metabolism
↓ ↓

Man𝑡+1 ⟶ River𝑡+1

The map 𝑟 ensures metabolic invariants (𝐼) stabilize the system against external perturbations
(e.g., the man drinking river water, the river reshaping its banks). And phase-transitions may be
tracked when perturbations exceed $ � < 0.3$ (pollution altering river pH?), the cospan 𝑆 → 𝐼 ←
𝐸 bifurcates, forcing identity reconfiguration (need better expamples than the man developing
immunity, the river evolving microbial communities).

In Heraclitus’ paradox, the river’s identity is not despitemolecular turnover but because its sheaf

ℐriver(𝑈)

gluing local flow states (rapids, pools) into a global process, strenghening the argument of a
relational identity, which beyond adjoint functors,
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$B_S � R_S $ (boundaries � relations) implied symmetry, however beautiful, conflics ob-
servations. Observations concerning identity suggest that this is morelikely to be asym-
metric. A neuron’s identity, for example, seems more influenced by synaptic inputs ($
R_S )𝑡ℎ𝑎𝑛𝑖𝑡𝑠𝑜𝑤𝑛𝑓𝑖𝑟𝑖𝑛𝑔𝑝𝑎𝑡𝑡𝑒𝑟𝑛𝑠( B_S ).𝐼𝑏𝑒𝑙𝑒𝑖𝑣𝑒𝑡ℎ𝑎𝑡𝑣𝑖𝑎 ∗ ∗𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒𝑑𝑐𝑜𝑠𝑝𝑎𝑛𝑠 ∗ ∗𝑎𝑛𝑑 ∗
∗𝑑𝑜𝑚𝑎𝑖𝑛𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑖𝑡𝑦∗∗𝑡ℎ𝑒∗∗𝑖𝑛𝑡𝑟𝑖𝑛𝑠𝑖𝑐𝑑𝑜𝑚𝑎𝑖𝑛∗∗𝑚𝑎𝑦𝑏𝑒𝑤𝑒𝑙𝑙𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑒𝑑𝑡ℎ𝑟𝑜𝑢𝑔ℎ𝑖𝑜𝑛𝑐ℎ𝑎𝑛𝑛𝑒𝑙𝑐𝑜𝑛𝑓𝑖𝑔𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑠(∫_i
F(x) )𝑤ℎ𝑖𝑐ℎ𝑚𝑎𝑖𝑛𝑡𝑎𝑖𝑛ℎ𝑜𝑚𝑒𝑜𝑠𝑡𝑎𝑠𝑖𝑠, 𝑎𝑛𝑑∗∗𝑒𝑥𝑡𝑟𝑖𝑛𝑠𝑖𝑐𝑑𝑜𝑚𝑎𝑖𝑛∗∗𝑏𝑦𝑛𝑒𝑢𝑟𝑜𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑟𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑠(
∫_e F(x) $) which then rewire the connectome.

Almost as if identity becomes a limit reconciling these domains (intrinsic - extrinsic)

Id(neuron) = lim
→network activity

(∫
𝑖
𝐹(𝑥) × ∫

𝑒
𝐹(𝑥))

2.1 Conclusion

Identity is neither a static essence nor an human construct, I posit that it must be a contextually
coherent process sustained by differential relations. What I thouth to be a convergent limit where
intrinsic properties persisted (

∫
𝑖
𝐹(𝑥)

) allowing for categorical extrinsic interactions (

∫
𝑒

𝐹(𝑥)

), much like a river flowing, simultaneously shaped and shaping the terrain. To “step into the
river twice” seems akin to look at the mirror in two distinct moments, where cellular turnover,
memories, and the seasons made any man different from who he was before.

So, identity is like a tension between phase-spaces. The problem here is the nature of boundaries,
which for some cases requires a formalis for them that includes fuzzy descriptions without deco-
herence. This seems required in cases of clouds and for cultures, where a boundary (

𝐵𝑆
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) filters and conditions interactions which are bounded by it (

𝑅𝑆

) and in turn, reshape those very constraints and its contents. For obvious reasons this touched
the notion of sheaf morphisms, where compatibility conditions ensure local-to-global consistency
without rigid invariance. In contrast to what I thought initially, the “self” must not be merely the
expression of a limit

Id(𝑋) = lim
→interactions

𝑋𝑡

but the structured cospan reconciling intrinsic and extrinsic domains.

Let
𝑆

be a system with intrinsic invariants
𝐼

and extrinsic environment
𝐸𝑡

at time
𝑡

. We could possibly define identity as a contextually coherent process, a transient state

ℐ(𝑆, 𝑡)

realised through a structured cospan diagram

𝑋𝑡
𝛼−→ 𝐼

𝛽
←− 𝐸𝑡+1

where
𝑋𝑡

is the system state at time
𝑡

18



,
𝐼

encodes intrinsic (metabolic, cognitive, or social) invariants, and

𝐸𝑡+1

is the extrinsic context at time
𝑡 + 1

. Here identity persists if there exists a retract

𝑟 ∶ 𝐸𝑡+1 → 𝐼

such that
𝑟 ∘ 𝛽 = id𝐼

, ensuring invariants anchor the system amid environmental flux.

Boundaries
𝐵𝑆

are not passive containers but phase-state mediators, they filter and condition interactions (

𝑅𝑆

), and are themselves reshaped by those interactions, requiring a formalism that accommodates
fuzzy, context-dependent boundaries without decoherence.

Sheaf morphisms
ℐ𝑆(𝑈)

guarantee local-to-global coherence, so identity is preservedwhen local properties glue across over-
lapping contexts. Thus, identity is a transient, operational state, which is given by the differential
relation between internal and external states, where external coupling relations co-constituting
what it means for a thing to be itself at any moment.

Identity must be a state and nothing more and boundaries must not be passive containers but

19



phase-state mediators.
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